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We experimentally studied the Josephson supercurrent in Nb/InN-nanowire/Nb junctions. Large
critical currents up to 5.7 µA have been achieved, which proves the good coupling of the nanowire
to the superconductor. The effect of a magnetic field perpendicular to the plane of the Josephson
junction on the critical current has been studied. The observed monotonous decrease of the critical
current with magnetic field is explained by the magnetic pair-breaking effect in planar Josephson
junctions of ultra-narrow width [J. C. Cuevas and F. S. Bergeret, Phys. Rev. Lett. 99, 217002
(2007)]
Superconductor/normal-conductor/superconductor
(SNS) junctions with a semiconductor employed as
the N-weak link material offer the great advantage
that here the Josephson supercurrent can be con-
trolled by means of the field effect.1,2 Gate-controlled
superconductor/semiconductor hybrid devices such as
superconducting field effect transistors3 or split-gate
structures4 have been fabricated which find no coun-
terpart in conventional SNS structures. In addition,
the high carrier mobility attainable in semiconduc-
tors in combination with the phase-coherent Andreev
reflection leads to novel unique phenomena in the
magnetotransport.5–7 Usually for these devices the
semiconductor is patterned by conventional lithography.
As an elegant alternative one can also directly create
semiconductor nanostructures, i.e. nanowires, by epi-
taxial growth.8 By using InAs nanowires connected to
superconducting electrodes tunable Josephson super-
currents, supercurrent reversal, and Kondo-enhanced
Andreev tunneling have been realized.9–11
Among the various materials used for semiconductor
nanowires InN is of particular interest for semiconduc-
tor/superconductor hybrid structures, since the surface
accumulation layer in InN can provide a sufficiently low
resistive contact to superconducting electrodes.12–14 Due
to almost ideal crystalline properties of InN nanowires
electronic transport along the wires, contacted by nor-
mal metal electrodes, shows quantization phenomena,
i.e. flux periodic magnetoconductance oscillations.15
Furthermore, the carrier concentration in the surface
electron gas is of the order of 1013 cm−2 and thus about
a factor of ten larger than in InAs. Consequently when
combined with superconducting electrodes one can ex-
pect low resistive SNS junctions.
Here, we report on transport studies of Nb/InN-
nanowire/Nb junctions. We succeeded in observing a
pronounced Josephson supercurrent and a relatively large
IcRN product of up to 0.44 mV. The latter factor, the
critical current times the normal resistance, is an impor-
tant figure of merit for Josephson junctions. We devoted
special attention to the dependence of the critical current
Ic on an external magnetic field B, where a monotonous
decrease of Ic with B was found. This experimental find-
ing is interpreted in the framework of a recent theoretical
model for the proximity effect in narrow-width junctions
with dimensions comparable or smaller than the mag-
netic length ξB =
√
Φ0/B, where Φ0 = h/2e is the flux
quantum.16,17
The InN nanowires used for the normal conducting
part of our junctions were grown without catalyst on
a Si (111) substrate by plasma-assisted molecular beam
epitaxy.18 The wires had a typical length of 1 µm. The
nanowires were contacted by a pair of 100-nm-thick Nb
electrodes. Before the Nb sputter deposition the con-
tact area was cleaned by Ar+ milling. The supercon-
ducting transition temperature Tc of the Nb layers was
8.5 K. The InN nanowire of the first junction (sample A)
had a diameter d = 120 nm and a Nb electrode separa-
tion L = 105 nm [cf. Fig. 1 (inset)], while for the sec-
ond junction (sample B) the corresponding dimensions
were 85 nm and 130 nm, respectively. From measure-
ments on back-gate transistor structures performed on
nanowires prepared in the same epitaxial run a typical
electron concentration of 1× 1019 cm−3 was determined.
From measurements on nanowires contacted with nor-
mal contacts with various distances a specific resistance
of ρ = 4.2× 10−4 Ωcm was estimated.19 Using these val-
ues we calculated a diffusion constant of D = 110 cm2/s.
The transport measurements were conducted in a He-3
cryostat in a temperature range from 0.7 K to 10 K.
The magnetic field was applied perpendicularly to the
plane of the Nb electrodes. The differential resistance
was measured with a lock-in amplifier by superimposing
a small 17 Hz ac signal of 50 nA to the junction bias
current.
The current-voltage (I−V ) characteristics of sample A
for various temperatures is shown in Fig. 1. As can be
seen here, a clear Josephson supercurrent is observed at
temperatures up to 3.5 K. At 0.8 K a critical current of
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FIG. 1: (Color online) I − V characteristics of sample A at
various temperatures. The lower right inset shows the I − V
characteristics for sample B at 0.7 K. The upper left inset
shows an scanning electron beam micrograph picture of sam-
ple A.
5.7 µA was extracted. For temperatures below 2.5 K the
I−V characteristics is hysteretic. The retrapping current
Ir, characterized by the switching from the voltage biased
state back into the superconducting state depends only
slightly on temperature, with a typical value of 2.2 µA.
As can be seen in Fig. 1 (inset), for sample B a lower
critical current of 0.44 µA at 0.7 K was measured.
The differential resistance dV/dI as a function of the
bias voltage close to 2∆/e is shown in Fig. 2(a) for tem-
peratures in the range from 2 to 7 K. The distinct peak
and the lowering of dV/dI at its lower bias side can be at-
tributed to the onset of multiple Andreev reflection.20,21
The relatively small decrease of differential resistance at
the lower bias side of the peak by about 10% compared
to the higher bias side can be attributed to the presence
of an interface barrier.20,21 As can be seen in Fig. 2(b)
(inset), more structures are found in the differential re-
sistance by approaching zero bias. Details about these
features, which we also attribute to multiple Andreev re-
flection, will be given in a forthcoming publication. Fur-
ther evidence that the maxima shown in Fig. 2(a) can
indeed be assigned to the onset of Andreev reflection
at 2∆/e is given by the plot of the peak position as a
function of temperature [cf. Fig. 2(b)], since here the
peak position closely follows the theoretically expected
decrease of 2∆ for an electron phonon-coupling strength
of 2∆0/kBTc ≃ 3.9.
22 Here, ∆0 is the superconducting
gap at T = 0. At a temperature of 2 K and bias volt-
ages above 2∆/e a differential resistance of 78 Ω is mea-
sured. If this value is taken as the normal state resistance
RN of the junction one obtains a large IcRN product of
0.44 mV. For sample B a normal state resistance of 250 Ω
was measured which results in a somewhat lower IcRN
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FIG. 2: (Color online) (a) Differential resistance dV/dI of
sample A as a function of bias voltage at various tempera-
tures. (b) Position of the peak assigned to 2∆ as a function
of temperature. The broken line shows the expected value of
2∆ according to theory. The inset shows dV/dI at 2 K in the
full bias voltage range.
product of 0.11 mV.
As can be seen in Fig. 3(a), the critical current Ic of
sample A monotonously decreases with increasing tem-
perature. A complete suppression of the Josephson su-
percurrent is obtained at about 3.7 K. Up to 2 K the
return current Ir is almost constant at a value of approxi-
mately 2.3 µA, while at higher temperatures T ≥ 2.5 K Ir
merges with Ic. A similar behavior of the retrapping cur-
rent was observed previously in other Nb-semiconductor-
Nb junctions.23 As it was recently pointed out by Cour-
tois et al.,24 the hysteresis in the I − V characteristics
of proximity SNS structures can be attributed to the in-
crease of the normal-metal electron temperature once the
junction switches to the resistive state.
From the transport data of the InN nanowires one ex-
tracts an elastic mean free path of approximately 45 nm,
thus the transport takes place in the diffusive regime. In
addition, as stated above we have to consider the pres-
ence of an interface barrier. For this case, the critical
current was studied theoretically by Hammer et al.16 In
Fig. 3(a) the corresponding theoretical curve which fits
best to the experimental values is plotted. We followed
the approach of Dubos et al.25 and Carillo et al.26 by
using a reduced effective Thouless energy E∗
Th
as a fit-
ting parameter. The lower value of E∗
Th
= 0.15 meV
compared to ETh = ~D/L
2 = 0.67 meV obtained from
the transport parameters is a measure of the detrimental
effect of the interface resistance.16
As can be seen in Fig. 3(b), Ic(B) of sample A
monotonously decreases with increasing magnetic field.
For magnetic fields larger than 0.3 T the Josephson
31 2 3 4
0
1
2
3
4
5
6
0.0 0.2 0.4 0.6
0
1
2
3
0.0 0.1 0.2
0.0
0.1
0.2
0.3
0.4
sample A
sample A
T=2.0 K
Ir
Ic
 
 
I (
A
)
Temperature (K)
B=0
(a)
 
 
I c 
(
A
)
B (T)
(b) sample B
T=0.7 K
 B(T)
 I c
 (µ
A
)
FIG. 3: (Color online) (a) Ic (◦) and Ir () vs. T of sam-
ple A. The dashed line represents the calculated values fol-
lowing Ref. [16]. (b) Ic as a function of B of sample A. The
dashed line corresponds to the calculated Ic(B) dependence
following Ref. [16]. The inset shows the corresponding values
for sample B.
supercurrent is completely suppressed. In contrast
to wide S/semiconductor/S Josephson junctions,27 no
Fraunhofer-type interference pattern of Ic(B) is ob-
served. The absence of a magnetic interference pattern in
SNS structures was first observed by Anger et al.28 and
theoretically explained by Hammer et al.16 and Cuevas
and Bergeret.17 The reason for the monotonous decay of
Ic is that for junctions with a width smaller than the
magnetic length ξB the magnetic field acts as a pair-
breaking factor. Indeed at the field of 0.16 T where
the first minimum at Φ0 is expected in the Fraunhofer
interference pattern the magnetic length ξB is as large
as 110 nm and thus comparable to the junction width.
For sample B a similar dependence of Ic on B is ob-
served with a full suppression of Ic at 0.2 T. By using
the model of Hammer et al.16 for the the case of low
transparent junctions we calculated the expected depen-
dence of Ic on B for E
∗
Th
= 0.15 meV. As can be seen
in Fig. 3(b), a reasonable agreement between experiment
and theory is obtained. The same is true for sample B
with E∗
Th
= 0.7 meV [cf. Fig. 3(b), inset]. A possi-
ble reason for the discrepancy between the experimental
values and theoretical curves might be that in our InN
nanowires the current flows mainly in the surface accu-
mulation layer, which leads to an inhomogeneous current
distribution.
In summary, superconducting Nb/InN-nanowire/Nb
junctions with large critical currents up to 5.7 µA and
large IcRN products up to 0.44 mV have been fabricated.
Owing to the small width of nanowires a monotonous
decrease of Ic with B was observed, since in this case
the magnetic field is the main pair breaking factor. The
present results suggest that Nb/InN-nanowire/Nb struc-
tures are well suited for fundamental research and appli-
cation in nano-scaled Josephson junction-based devices.
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